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Abstract. Drawings can serve as a useful 
tool for analyzing children’s understand- 
ing of scientific phenomena. This study 
examined children’s understandings about 
internal structure of the snail. Children from 
kindergarten at age 5 and from primary 
school of age 7 and 10, were asked to draw 
their concept about the internal structure 
of the snail. The results demonstrate the al- 
ternative conceptions held by the children. 
Analysis showed some significant differ- 
ences in interpretation between both age 
groups and gender. Age related differences 
were in understanding of nervous, circula- 
tory, muscle and digestive system, and such 
features as food, bones and mucus. Gender 
differences were not so significant at 
present studies. There were only few statisti- 
cally significant observations concerning 
gender, that boys more often than girls 
consider mucus and other organisms (such 
as bacteria) as a part of snail internal struc- 
ture. The girls drew more in the category 
food (7 years old) and bones (10 years old). 
The results also revealed ideas which made 
sense to the learner, but are not biologically 
accurate, such as organs located in the foot. 
Key words: alternative conceptions, draw- 


ings, invertebrates, mental models, snails. 
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Introduction 


Analysis of student's drawings is becoming increasingly popular 
among researchers seeking to elicit information about pupils’ understand- 
ing of natural phenomena (Barraza, 1999; Reiss & Tunniciffe, 2000; Reiss & 
Tunnicliffe, 2001; Ehrlén, 2009). Although it might be sometimes difficult 
to analyze drawings for a variety of reasons such as: drawings might be dif- 
ficult to recognise what's on them, some children find it more enjoyable to 
draw while others may not like to draw (Osborne & Gilbert, 1980; Novak & 
Musonda, 1991; Salmon & Pipe, 2000), some pictures may represent only a 
small part of what actually a child knows about the subject, because they 
can not draw all that they know. On the other hand, drawings are a popular 
way of children presenting their world among young at kindergarten or 
in early year classes at school. Gardner (1980) points out that drawings or 
paintings are important in preschool years and “they become less central and 
less common as the school years pass”. Classical biology teaching involves 
using drawings as representations of biological objects, although it seems 
to be aneglected area in teaching nowadays. Dempsey and Betz (2001) also 
point out that drawing is an important skill in the learning and teaching of 
biology, but also that biology teachers do not spend time on developing 
that skill. These authors report that drawings are closely connected with 
observation and interpretation of nature, and both are key components of 
the scientific process. 

In the last few years some researchers have used a combined method 
to explore data, where drawing analysis have been used together with in- 
terviewing some children from the whole group (Osborne & Gilbert, 1980; 
Ehrlén, 2009; Bartoszeck & Tunnicliffe, 2013). Ehrlén (2009) describes that 
analysis of children’s drawings may be a tool for collecting information about 
children’s conception, but this is only when we know the meaning children 
give to their own drawings. 
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In working with cross age studies we acknowledge that children’s ideas develop and thus change as they 
grow older. Children at the age of 5 or 6 often have “an intuitive sense of what an organized picture should be 
like’, while an older oriented child is intent on getting every detail in the correct relationship, taking into account 
the sense of the whole (Gardner 1980). Children formulate ideas about natural objects at an early age, and these 
ideas are often resistant to change (Trowbridge & Mintzes, 1985; Trowbridge & Mintzes, 1988; Shneider & Stern, 
2013; Hotéwka, 1986). However, some alternative conceptions (Driver et al., 1994) seem to yield more readily to 
non-school experiences or formal instructions (Trowbridge & Mintzes, 1988). The research done by Prokop, Kubiatko 
and Fanéovicova (2007), showed that some misconceptions about birds were more frequently found in Slovakian 
younger children, while others were common across all age classes. On the other hand Bell (1981), who studied 
pupils in New Zealand, indicated that pupils of all age groups shared an alternative conception about animals and 
animal groups. Her findings were supported by the results published by Trowbridge and Mintzes (1988). 

Pooley and O’Connor (2000) suggested that what people feel, believe and know about the environment influ- 
ences their attitude toward it. This may also apply to living creatures, such as spiders and bats (Prokop &Tunnicliffe, 
2008). As lozzi (1989) has shown in his research, these beliefs and attitudes may serve as a stronger predictor of 
pro-environmental behaviour than pure environmental knowledge. In addition, Roth (1992) showed that environ- 
mental literacy of citizens may include some level of environmental knowledge and attitudes. Bearing that in mind, 
we consider that it is important to explore understanding and attitudes towards particular living objects. Further- 
more, basic human emotions play an important role in social interaction and thus, especially negative emotion, 
such as disgust and fear may negatively influence human willingness to protect animals (Prokop & Fancovicova, 
2013). Gender may be one of the factors which determine emotions also in human-animal interactions (Herzog, 
2007). Prokop and Fanéovicova (2013) showed that females expressed a higher distaste for cryptic and aposematic 
animals than males. Howe and Rua (1999) showed that females prefer biology more than males. 

Children are interested in the world that surrounds them - that includes living creatures (Rinsland, 1946; Tun- 
nicliffe, 1996; Zoldosova & Prokop, 2006; Tomkins & Tunnicliffe, 2007; Prokop, Prokop & Tunnicliffe, 2008) as well 
as artificial representations such as Pokémon (Balmford et al. 2002). Although they can name and recognise more 
animals than plants (Tunnicliffe & Reiss, 1999; Lindemann-Matthies, 2005; Partick & Tunnicliffe, 2011), the way 
children “see” animals differ. The most “lovable” seems to be mammals (Trowbridge & Mintzes, 1988; Lindemann- 
Matthies, 2005; Prokop, Prokop & Tunniclife, 2008; Partick & Tunnicliffe, 2011; Prokop & Fancovicova, 2013) or birds 
(Prokop & Fancovicova, 2013), which are the most “human like” In contrast, children tend to avoid invertebrates 
like insects, spiders and other“bugs” because they are small and have many legs, or are too hairy and behaviourally 
unlike humans (Kellert, 1993; Morris & Morris, 1965; Prokop & Tunnicliffe, 2008). What is more crucial is that from 
an early age children should be introduced to a wide range of animal species, especially those that are not verte- 
brates (Patrick et a/., 2013). Snails seem to be somewhere in between, they are usually not perceived as very ugly 
and disgusting, but not very lovable as well. A different opinion was presented by Randler, Hummel and Prokop 
(2012) who showed that snails are considered disgusting by children. This idea was supported by Davey and co- 
workers (1998) who noticed that fears of some invertebrates such as snails do not appear to have any obvious 
or compelling adaptive benefit. On the other hand, snails are common in every ecosystem existing in Poland. 
These animals occur on many levels of trophic chains. Twenty three gastropod species are listed in the Polish Red 
Data Book of Animals (Gtowacinski & Nowacki, 2004). Mostly, due to the role they play in ecosystems, gastropods 
are an important part of the Polish biology curriculum. It is interesting to know what children across ages think 
about snails and what understanding regarding those animals they have in order to improve their relationships 
with these animals. There is some work on children’s understanding (conceptions) on human internal anatomy 
(Mintzes, 1984; Carey, 1985; Osborne, Wadsworth & Black, 1992; Hmelo-Silver, Marathe & Liu, 2007) and some of 
these have the drawings analyzed (Reiss & Tunnicliffe, 2001; Prokop & Fancovicova, 2006; Bartoszeck, Machado & 
Amann-Gainotti, 2011). Understanding of internal structures of animals is a relatively neglected area. However, a 
few researchers dealt with identifying such children’s conceptions through drawings (eg. Reiss & Tunnicliffe, 2000; 
Prokop et al. 2007). To the best of authors’ knowledge, there is no research done on identifying student’s concep- 
tions about internal structure of snails. 

The present study was conducted to examine the extent to which pupils’ alternative conceptions (understand- 
ing of internal structure of animal) change as a function of age or gender. The research question was: how age and 
gender may influence children’s ideas about the internal structure of snail. 
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Methodology of Research 
General Background of Research 


Research was carried on using two tools: analysis of drawings associated with children’s comments from in- 
dividual interviews with their drawing (similar to Ehrlén, 2009). A few younger children required us to have further 
conversations about their drawing activity in addition to the direct instruction given before they had an idea of 
something to draw. 

The study was conducted in Poznan, which is a city in the north-west part of Poland. Poznan is known for 
its green areas, parks and even nature reserve located within it. The area has recently a water shortage and the 
problem of agriculture is frequently mentioned in the media. 


Sample Selection 


The children, having been investigated during this research attended two public schools located in Poznan. 
Schools were randomly chosen. Ethical considerations were discussed and approved by the principals of the 
schools. 

The researcher worked in three age groups, one at age 5 (kindergarten, 57 children), four classes of pupils at 
age 7 (first class of primary school 105 children) and four classes of pupils age 10 (fourth class of primary school 
83 children). Together 245 drawings were analysed. 


Instrument and Procedures 


Children were provided individually with an A4 sheet of paper, pencils and crayons. Interviewers made notes 
on what was going on during research and the pupils’ answers during or immediately after the research. Children 
were motivated to draw by showing a live specimen of a Roman snail Helix pomatia which is the largest and most 
common snail in Poland. They were then asked to draw on an A4 sheet of paper what they thought was inside a 
snail. They were allowed to draw for 20 minutes. The fieldwork was conducted in their whole class setting. In each 
case a researcher interviewed a child whilst they were drawing. Special attention was given to labelling by the 
researcher of what children think they drew (especially for younger who were not able to label the picture). The 
children were also asked to mark their age and gender on the drawing (for the younger participants it was done 
by a researcher). 


Data Analysis 


After collecting drawings, each was numbered and coded according to the age and gender of the child. Af- 
terwards each drawing was scored. Two people carried out this process. Firstly, they scored them separately. Then 
they met and discussed the drawings on which they disagree, until they agreed on the same score. The scale used 
was based on the scale proposed by Reiss and Tunnicliffe (2000 & 2001) and modified to be suitable for drawings 
of snails. The proposed scale was adjusted to measure children’s understanding about snail internal structure. The 
“artistic” value of the drawings was not taken under consideration in this research. No notice was taken about age, 
during the scoring of the draw. After discussion, the authors agreed to rubric scale, attached below (Table 1): 
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Table 1. The rubric scale used to allocating a grade to the drawings. 


Level Source of knowledge/Snail drawing characteristics 
0 Nothing inside, but we know it is snail/ child indicated there was something 
1 No representation of internal structure/is something in it without name of an organ 
2 One or more internal organs placed at random 
3 One internal organ in appropriate position 
4 Two or more organs in the appropriate position 
5 One organ system indicated 
6 Two or more major organs system indicated 
7 Comprehensive representation with four or more organ systems indicated 


In the rubric scale above, the researchers required to give a definition of particular organs belonging to a 
system. Organs were represented by a small letter of the name of the system. Any complete system drawn would 
be denoted by the capital letter. Authors agreed to definitions attached below: 


Nervous system - cerebral ganglia, optic nerve, nerves, 

Digestive system — mouth, salivary duct, stomach, intestine, anus (optional crop and liver) 

Secretory system — mucus gland, mucus duct, 

Circulatory system — heart, vessels, arteries, blood, 

Muscular system — muscles in the leg, muscles attached to shell, 

Urinal system - kidney, secretory hole, 

Reproductive system — ovotestis, (or ovary and testis), oviduct, spermduct, penis, vagina, genital pore, dart sac. 


Furthermore, the authors distinguished such categories as belonging to: Cultural, Human template and 
Physiological. 
In the Cultural category, the authors included the drawings, which presented interior of the snail as a home, 
for instance with furniture, bathroom or TV. 
In a Human Template category, the authors distinguished three subcategories, which contained the organs 
and elements characteristic to human, such as: 
b- human bones, back bone; d - internal organs (spleen, appendix); f - human face, eyelashes, lips, hair, 
nose. 
In the Physiological category, there were few subcategories distinguished in dependence of “physi- 
ological” products drawn by children such as: 
m — mucus, 0 - offspring, f — food, t - other organisms (fly, bacteria), s - saliva, p - poop/pee. 
The last featured category was an empty shell, when children drew and said in their interview that 
there was nothing in the shell, and all organs are in the ‘leg’ 
For example, below is attached the drawing of 10 year old which was scored 3ndkmHbPm (Figure 1). 
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Figure 1: Drawing of 10 year old, which was scored 3ndkmHbPm. 


(3 - level 3, one internal organ in appropriate position, n - some organs of nervous system, d - some organs of 
digestive system, k - some organs of circulatory system, m — muscular system, H —- human templates which here 
are b — bones here vertebrae, P - physiological m — mucus). 


Data were entered into Minitab and Excel for analysis. Randomized (n=9999) chi squared test was performed 
for detecting differences between levels and age groups, distinguished categories of structures and age groups and 
population structure. Also Fisher's exact test was performed for each trait to analyse differences between distin- 
guished categories of structures and sex. All statistical analyses were performed in R 3.0.2 (R Core Team, 2013). 


Results of Research 


General Analysis of Children Drawings According to Rubric Scale 


There were analysed 245 pictures using a rubric scale and the results are shown in table 1. There was statisti- 
cally significant difference between age groups and levels of their drawings (Figure 2), (y’= 29.83, p<0.01). 
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Figure 2: _ Results of particular level in relation to age. 


The level 0 (no representation of snail) was most often found on the group of 7 year olds (Figure 1), the same 
as at level one. For level two (one or more internal organs placed at random) all analyzed age groups had similar 
results (between 20 and 30% of children in all groups). Children from group 3 (10 years olds), had the highest 
number of drawings on level three (one internal organ in appropriate position). There were no drawings found 
that were categorized to level four. Seven drawings were accurate for level 5 (4 children, 2 age 7 and 2 at age 10) 
and 6 (3 children all at age 7). No representations of level 7 were found. 

Children’s understanding about organ systems seems to be poor. The most frequent level achieved on draw- 
ings was level 2 - one or more internal organs placed at random (30% of all pictures). Digestive organ system was 
represented in drawings most frequently (level 3). 


Students’ Understandings of Internal Organs of a Snail 


Pupils had understanding of an anatomical aspect of snails. The most frequent organ drawn was a heart (it 
appeared on 37% of all pictures). Next, were intestines (14%) and brain (11%). There were differences between 
genders, and the age groups of pupils. 


Age-related differences in children understandings of internal organs of snails 


Age-related differences in children’s understanding of internal organs of snails were statistically significant 
in four cases, which include: nervous system (y? =7.79, p= 0.02), circulatory system (y? =5.92, p= 0.05), muscles (2 
=12.15, p<0.01) and digestive system (x? =39.95, p=0.02), where older children had fuller drawings. Other internal 
structures that appeared on the pictures didn’t show statistically significant differences in relation to age. 

Although, the most frequent internal structure drawn was a heart, some interesting differences in age groups 
in organs of the digestive and nervous systems were observed. Organs of the digestive system were not present 
at all in pictures done by 5 years old, and appeared at 8% of pictures of 7 years old and in 33% pictures of the 10 
year old group. An organ of the nervous system was present at 11% at 5 year old, 6% of 7 year old and 20% pictures 
done by 10 year old children. 
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Gender-related differences in children understandings of internal organs of snails 


The data were also tested by Fisher’s Exact Test. Understanding of anatomical traits in relation to gender was 
not significant. The nervous system appeared at 11% of pictures done by girls and in 13% pictures done by boys. 
For the digestive system differences were also small (F=16%, M= 13%). A similar observation was drawn from data 
for circulatory system (F=37%, M=39%). 


Additional Features Inserted on the Pictures 


Among additional features the most frequently drawn was mucus -— it appeared at 24% of pictures (26% at 
group of 5 year olds, 41% at 7 year olds and 1% at group of 10 year olds). Offspring were drawn only by 5 year 
old children (16%) and 10 year old children (6%). Understanding of internal anatomy of the snail differed in such 
features as food, bones and mucus between ages and gender. Girls drew more in the category food (7 year olds, 
p=0.01) and bones (10 year olds, p>0.05). The boys drew more instances, results of the mucus category (10 year 
olds, p<0.01). 

Some pupils had drawn features that resemble a human face on their pictures. These include features like lips, 
eyelashes, nose in the category“Human template” This phenomenon was found in 18% of all pictures. Surprisingly, 
it was most common amongst 10 year olds (within this age, 45% use human facial features on the picture). 

Drawings concerning cultural representation of the inside of snail were less frequent. Elements such as fur- 
niture appeared in 12% of all pictures. We had anticipated that this category would be more common among the 
youngest group, where the name“home’ is used in stories describing the snail shell. These results show, that pupils 
of age 7 use cultural features most often (16% of all group age 7) and 13% of pupils aged 10 marked some cultural 
features, whereas only 5% of age 5 showed pictures of snails as having furniture such as TV, table and chairs inside 
the snail. In the 5 year old group a few drawings indicated a representation of the soul of the snail. 

The data were also tested by Fisher's Exact Test for Count Data in R program. The data thus show that there 
are age-related and gender related differences. 


Age-related differences in children’s understandings of additional features 


Age-related differences in children’s understanding of additional features were only statistically significant in 
one case which was offspring as an internal structure of animal (y? =12,87, p<0.01). 


Gender-related differences in children’s understandings of additional features 


Understanding of additional features as part of internal structure of a snail in relation to sex was statistically 
insignificant in analysed features. 

The next data were tested by Chi-squared test of goodness-of-fit with simulated p-value (based on 9999 
replicates). The students had understanding in the physiological aspects of snails, such as: mucus (girls y? =7.65, 
p=0.023; boys x” =14, p<0.01) and other organisms (boys y? =10.70, p<0.01). 


Discussion 


Children across ages are aware that a snail is a living creature and has to have some internal organs, because 
animals have “things inside”. This observation is similar to the results of Reiss and Tunnicliffe (2001), who observed 
that pupils at every age are aware of internal structures, which were of humans in that case. Although children are 
not sure how to present internal structures (for example, about 9% of children drew internal organs only in the 
foot leaving the shell empty) or using the human as template (by drawing face features like eyelash, or appendix 
and spleen in the digestive system). One girl (D10.29), who drew all internal organs in the foot, explained that 
“shell has to stay empty, because it serves as home and snail is hiding itself in this home, so when it comes outside 
it leaves home empty”. 

There has been little research done on children’s understanding of invertebrate internal structure. Inverte- 
brates seem to be the least well-understood group of organisms among all age groups (Trowbridge & Mintzes, 
1988). Prokop and co-workers (2007) reported that the organ systems of vertebrates were better drawn than those 
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of invertebrates by Slovakian children. They also showed, that children at primary school ranged mainly between 
level 2 and 3, while at our investigations only the results from children at age 10 were between those levels. 
Younger children (aged 7) were mostly between 1 and 2 levels (Figure 2). None of the children who participated in 
this investigation had formally learnt about animal or human anatomy at school and it is not surprising that their 
knowledge is not therefore strictly scientific. 

The most common organ drawn by children was a heart. This finding is in agreement with Reiss and Tunnicliffe 
(2001) and Prokop and Fancovicova (2006), who showed that the most common human internal organs drawn 
by the children were heart or bones. Those authors also noticed that there is a statistically significant likelihood of 
children drawing elements of the circulatory or skeleton system more than any other (Reiss &Tunnicliffe, 2001), and 
that some systems like urinary, reproductive or endocrine are hardly represented (Prokop & Fanéovicova, 2006). In 
the presented research this lack of recognition of organs of a system was also true for respiratory system, which was 
not present at any of the pictures. What is also worth noting is the majority of organs which were drawn without 
further relationships neither to the same system (e.g. heart without veins) nor to the other system (e.g. heart was 
not connected with lungs). Similar observations were done by Prokop and Fan¢éovicova (2006). Indicating bones 
inside an invertebrate was observed by Trowbridge and Mintzes (1988) and by Prokop and co-workers (2008). This 
was also noted in the drawings of the internal anatomy of crabs by Reiss and Tunnicliffe (2014). Trowbridge and 
Mintzes (1988) reported that between 21 and 30% of investigated students in their cross-age studies indicated 
snail as amphibian. Kattmann (2001) showed the predominance of non-taxonomic criteria (based mainly on the 
type of locomotion and habitat) that is apparent in the grades 4 and 5 in Germany. He also described that children 
classified snakes or ladybirds as snail. Such misclassifications and conceptions may lead to children’s mental model 
which will be resistant for change through the formal learning process (Trowbridge & Mintzes, 1985; Trowbridge & 
Mintzes, 1988; Shneider & Stern, 2013; Hotéwka, 1986; Kattmann, 2001; Prokop, Prokop & Tunniclife, 2008). 

Gender differences were not so significant in the present study. There were only three statistically significant 
observations concerning gender. Namely, that boys more often than girls consider mucus and other organisms 
(such as bacteria) as a part of snail internal structure. Secondly, the girls drew more in the category food (7 years 
old) and bones (10 years old). Prokop, Prokop and Tunnicliffe (2008) showed that the girls had better knowledge 
about the anatomy of animals, but girls more frequently’ misclassified’ invertebrates by drawing bones inside the 
bodies of those animals. Girls also pictured bones inside a snail more frequently than boys, but this was not statisti- 
cally significant in the whole investigated crowd, just in the third group (10 years old). 

Using humans as a template for other animals is quite common among children and was reported by many 
researchers (e.g. Reiss & Tunnicliffe, 2000; Inagaki & Hatano, 2002, p. 358, Bartoszeck & Tunnicliffe, 2013), but it may 
lead to such misconception as snails having bones, spine, appendix or tonsils. There was also an interesting picture 
one presenting an extra head inside the shell (C10.49), student was explaining that “snail can regenerate so it has 
a spare (reserved) head to be able to think, when the first one is for some reason destroyed”. 

Student's own mental models are often constructed when a given task requires from students more general 
approach (Kattmann, 2001). The mental model of a snail that arises from present research is complex. Partially it 
depends upon age and gender. Younger children didn’t draw digestive system at all, it appeared in the pictures 
made by older children. Prokop and Fancovicova (2006) noticed that organs of digestive system were not the one 
of the commonly drawn systems by Slovakian children, even between adults drawing human body internal struc- 
ture. It is also worth noting, that some misconceptions about snails such as shell that stays empty and serves as 
home are resistant for change and occur in all age groups. Such conceptions arise from cultural aspects. Another 
example could be found in few pictures of 5 year old boys who draw a soul of the snails as a part of their internal 
structure. Accordingly, other authors observed children, who expressed that part of their internal structure is Jesus 
(Reiss & Tunnicliffe, 2001). 

The most varied are conceptions of children’s understanding on what exactly is inside the shell. Some of them 
draw some internal organs, but others just claimed that inside the shell is only mucus, or food, or it’s empty. All 
those observations about children’s’ mental model of a snail are their pre-existing knowledge. As Bruner (1986) 
said, learning is an active process in which learners construct new ideas or concepts based upon their current/ 
past knowledge. 
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Conclusions 


Children have their knowledge that allows them to explain the world that surrounds them. Their knowledge 
is often incomplete and thus poor in biological terms, and they share some misunderstandings about animals 
with children from different cultures or with adults. Some of those ideas arise from analogies to vertebrate (to 
human in particular). Children usually have much less understanding of the anatomy of invertebrates and have 
their own explanations of what it is, hence these ideas are usually in agreement with scientific knowledge. Indeed, 
sometimes the child’s knowledge may even indicate that snails are not either an animal nor any kind of living crea- 
ture. What is also important to bear in mind is that mental models are quite resistant to change. Teachers should 
acknowledge that their pupils come to school with pre-existing models, knowledge, and they should recognize 
children’s understanding before they plan and organize the lesson. Our research presented here supports recom- 
mendations that, because children benefit from encounters with animals in the school from an early age in school 
environment, such animals like invertebrates should be introduced. Children should be able to observe animals 
in their natural habitat, handle them, care for them etc. Such activities are crucial for making positive relationship 
between human and animals. 
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